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1 	 | 	 INTRODUCTION
On	 October	 1,	 2020	 the	 UK	 National	 Health	 Service	
(NHS)	adopted	formal	plans	to	move	from	being	respon-
sible	 for	4%	of	 the	UK’s	carbon	emissions	 to	being	net	




across	 the	 NHS.2  The	 interventions	 proposed	 include	





Placing	 these	 emissions	 in	 the	 broader	 context	 of	




increase	 energy	 efficiency,	 and/or	 decrease	 transport's	
carbon	intensity.5	Policies	in	the	transport	sector	have	the	
potential	 to	 bring	 positive	 health	 co-	benefits,	 but	 badly	
implemented	policies	could	also	have	negative	effects.6
The	 severe	 acute	 respiratory	 syndrome	 coronavirus	 2	
(SARS-	2-	CoV)	pandemic	has	 led	 to	dramatic	changes	 in	
NHS	 service	 delivery.	The	 proposed	 “new	 service	 model	
for	 the	21st	century”	 includes	avoidance	of	unnecessary	











ginal	 carbon	 emissions	 savings	 from	 enforced	 telemedi-
cine,	and	documented	adverse	clinical	outcomes.
2 	 | 	 METHODS
This	work	formed	part	of	a	service	evaluation	registered	
and	independently	approved	by	the	Clinical	Audit	and	
Quality	 Improvement	 Subcommittee,	 Queen	 Square	
Division,	 University	 College	 London	 Hospitals	 NHS	
Trust	 (UCLH).	 This	 approval	 waives	 the	 need	 for	 ap-
proval	by	an	ethics	committee,	 in	accordance	with	UK	
legislation	 and	 NHS	 operating	 procedures.	 Outpatient	
clinics,	usually	held	entirely	face-	to-	face	at	the	Chalfont,	
Buckinghamshire	 site	 of	 the	 ULCH	 National	 Hospital	

























were	 used	 to	 determine	 journey	 distances	 and	 times.	
Using	 ArcGIS,	 the	 centroids	 of	 postcode	 districts	 were	
first	 calculated	 to	 generate	 a	 list	 of	 starting	 points.	





Carbon	 emissions	 associated	 with	 each	 journey	 were	
estimated	 using	 conversion	 factors	 for	 passenger	 trans-







virus	 2	 (SARS-	2-	CoV)	 pandemic	 provided	 an	
opportunity	to	determine	net	carbon	emissions	
savings	from	conversion	to	telemedicine.
•	 For	 specialist	 epilepsy	 services,	 telemedicine	
was	 feasible,	 safe	over	 the	 short	 term,	and	as-
sociated	with	sizeable	net	emissions	savings.




here	 converting	 distance	 traveled	 in	 kilometers	 directly	
into	emissions,	including	non-	CO2	GHGs,	methane	(CH4),	
and	 nitrous	 oxide	 (N2O),
15	 presented	 as	 CO2  equivalents	










of	 follow-	up:	131–	329 days)	documented	 in	 the	electronic	
health	record	system	were	reviewed	by	a	consultant	epilep-
tologist	to	determine	whether	any	adverse	consequences	or	




3 	 | 	 RESULTS
3.1	 |	 Saved­emissions­associated­with­
avoided­travel­to­clinics
The	 total	 return	distance	 that	would	have	been	 traveled	
in	1667	return	 journeys	commencing	 in	mainland	Great	
Britain	was	calculated	at	~224 000 km	using	the	ArcGIS	

























Diesel Petrol Diesel Petrol
Average	car 0.16844 0.1743 37 659 38 969
Small	car 0.13721 0.14836 30 677 33 170
Medium	car 0.16637 0.18659 37 196 41 717
Large	car 0.20419 0.27807 45 652 62 169
Note: Abbreviations:	kg	=	kilogram;	CO2e	=	carbon	dioxide	equivalent






















































We	 first	 estimated	 the	 average	 electrical	 energy	 inten-
sity	of	transmitting	data	through	the	internet	(measured	as	








(0.0064–	136  kWh/GB).21  The	 system	 boundary	 (primarily	
end-	use	device,	 ie,	desktop,	 laptop,	 tablet),	access	network	






To	 calculate	 total	 electricity	 usage,	 we	 used	 the	 data	
requirements	 guidance	 provided	 for	 Zoom	 teleconfer-
encing	 software,	 which	 for	 one-	to-	one	 video	 calling	 re-
quires	600 kbps	(upload/download)	for	high-	quality	video,	
1.2  Mbps	 (upload/download)	 for	 720p	 HD	 video,	 and	
3.8 Mbps/3.0 Mbps	(upload/download)	for	1080p	HD	video	
(Zoom,	 2021).22	 For	 example,	 a	 1-	hour	 HD	 1080p	 video	
meeting	would	require	for	each	user:
3.8 Mbps = 0.000475 GBps ∗ 3600 = 1.71 GB (upload) and 3.0 Mbps = 0.000375 GBps ∗ 3600 = 1.35 GB (download).










Licensed	proportion 0.385 0.59 0.016 0.005 0.003 0.001
Average	car	conversion	factor 0.16844 0.1743 0.11558 0.09712 0.05728 0.19754
Distance	(km) 86 076.2 131 909.0 3577.2 1117.8 670.7 223.6 223 574.5
Emissions	(kg	CO2e) 14 499 22 992 413 109 38 44 38 095
































sociated	 with	 teleclinics	 (ranging	 from	 2  kg	 CO2e	 for	
telephone	calls	 to	an	upper	estimate	of	167 kg	CO2e	 for	




From	 review	 of	 the	 clinical	 records,	 up	 to	 08.02.21	 of	
639/1277	 patients	 who	 had	 remote	 consultations	 during	
the	 study	 period	 between	 16.03.2020–	30.09.2020,	 only	
one	 issue	 was	 documented	 that	 was	 considered	 a	 direct	
adverse	 outcome	 of	 remote	 consultation	 (inability	 to	 re-
view	seizure	and	drug	charts	in	a	telephone	consultation).	
Beneficial	outcomes	were	not	explicitly	sought,	nor	doc-
umented	 by	 clinicians,	 but	 anecdotally	 included:	 wider	
participation	of	family	or	carers	(eg,	“the	virtual	meeting	
allowed	us	all	to	be	involved	from	our	own	homes	safely	













ministration	 of	 emergency	 seizure	 treatment	 (“rescue”)	
medication	 continued	 uninterrupted	 during	 the	 remote	
consultation	period,	through	video	technology.
4 	 | 	 DISCUSSION
Telemedicine	for	epilepsy	has	been	well-	documented	over	
the	 course	 of	 the	 pandemic.	 We	 show	 that	 telemedicine	
can	also	contribute	net	GHG	emissions	savings.	If	the	UK	
National	 Health	 Service	 is	 to	 meet	 its	 declared	 net	 zero	




although	 not	 systematically	 recorded	 over	 the	 study	 pe-
riod,	 co-	benefits	 were	 apparent	 over	 this	 short	 term	 of	









cluded	 surgery	 and	 also	 included	 additional	 embedded	









of	 reduction	 in	 travel.	This	evidence	emerged	across	dif-
ferent	services	and	regions	and	led	them	to	conclude	that	
telemedicine	could	play	a	valuable	role	in	developing	a	net	
6.12 GB × 0.015 kWh/GB = 0.0918 kWh
0.0918 kWh × 0.23314 = 0.0214 kg CO2e






























necessity	 of	 considering	 the	 dynamics	 of	 social	 vulnera-
bility	in	planning	for	a	low	carbon	future.27	Similarly,	with	
the	 UK	 government	 recently	 announcing	 intentions	 to	







current	 technology,	 this	would	generate	 lower	emissions	
in	the	range	of	10 000–	14 000 kg	CO2e.	However,	people	
with	 epilepsy	 are	 known	 to	 experience	 disproportionate	
economic	burdens,	 including	 lower	 income	and	employ-
ment	 rates,	 and	 higher	 health-	related	 costs	 than	 people	
without	epilepsy,29 such	that	electric	vehicle	affordability	










There	 are	 limitations	 to	 the	 work.	 Health	 outcomes	
were	 judged	 only	 retrospectively,	 from	 medical	 records.	
We	can	also	only	comment	on	outcomes	for	the	short	dura-
tion	of	follow-	up.	We	recognize	that	for	patients	who	were	
under	 long-	term	 follow-	up	 (the	 majority),	 telemedicine	
may	have	proved	easier	as	existing	rapport	between	patient	
and	clinician,	and	familiarity	with	the	patient's	condition	
and	 circumstances,	 would	 have	 facilitated	 telemedicine	





in	 women	 of	 child-	bearing	 potential,	 an	 alternative	 was	
instituted	 to	 the	requirement	 to	complete	 this	 form	face-	














the	 energy	 cost	 of	 data	 transmission.	 Our	 approach	 has	
tried	to	quantify	these	uncertainties	by	examining	a	range	
of	options	and	demonstrated	that	the	emissions	reduction	
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is	likely	several	orders	of	magnitude	larger	than	these	un-
certainties.	We	 also	 note	 that	 the	 clinic	 duration	 used	 in	
our	calculations	are	estimates,	and	assume	that	only	one	
clinician	called	all	patients	for	a	given	clinic.	More	gener-
ally,	 the	 relative	 contribution	 of	 GHG	 emissions	 savings	
from	 reduced	 travel	 is	 very	 dependent	 on	 clinic	 circum-











estimates	 for	 carbon	 savings	 (and	 costs):	 the	 actual	 net	
saving	will	be	between	these	boundaries.	In	general,	our	
estimates	 overplay	 the	 costs	 of	 remote	 consultation,	 for	
example,	 the	electricity	 intensity	 for	 internet	data	 trans-
mission	has	likely	decreased	further	since	the	estimate	we	
used	 was	 calculated.19	 In	 contrast	 we	 probably	 underes-
timate	carbon	emission	savings	from	travel;	for	example,	







ity	of	 the	NHS	clinic	 infrastructure	was	already	 in	place	
(the	only	adaptation	was	 the	purchase	of	video	cameras	
for	 hospital	 computers,	 which	 occurred	 only	 in	 the	 lat-
ter	part	of	the	study	period).	We	have	already	noted	that	




the	higher	bound	 in	 this	 study	 (for	a	very	different	 type	
of	clinic)	amounted	to	only	3.2%–	6.4%	of	travel	emissions.
Climate	change	is	 just	one	of	multiple	environmental	
impacts	 that	 the	health	care	 sector	must	address,	 for	ex-
ample	along	with	water	use	and	air	and	water	pollution.33	
Increasing	 amounts	 of	 clinical	 waste	 have	 been	 high-
lighted	as	a	consequence	of	the	coronavirus	disease	2019	







in	 the	 NHS	 programme	 between	 GHG	 reduction	 targets	
(and	 wider	 environmental	 impacts)	 and	 the	 best	 health	








also	 be	 a	 feature	 of	 a	 portfolio	 of	 measures.	 Other	 new	
technologies	on	the	horizon	will	offer	new	opportunities	
across	 the	sector,	 for	example,	by	reducing	emissions	as-
sociated	 with	 volatile	 anesthetics.3	 However,	 among	 the	






to	 implement	 the	 new	 technologies	 that	 might	 facilitate	
these.37 Nevertheless,	we	have	demonstrated	that	telemed-
icine	 for	 epilepsy	 may	 already	 result	 in	 significant	 GHG	
emission	 savings,	 with	 additional	 short-	term	 co-	benefits.	












(NIHR)	 Biomedical	 Research	 Centres’	 funding	 scheme.	
The	map	in	Figure	1	was	created	using	ArcGIS	software	
by	Esri.	ArcGIS	and	ArcMap	are	the	intellectual	property	
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